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© A polyester composition comprising: 

e^Zmle: **** °' 35 »° »*. 

(B) 0.05 to 15 parts by weight of crystallization promotor; and 

(C) 01 to 15 parts by weight of at least one modified polyolefin wax olasticizer sai^^h i mm 



Xerox Copy Centre 



0 255 735 



POLYESTER COMPOSITION 
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The present invention relates to a polyester composition comprising, as the main constituent unit 
ethylene terephthalate and having excellent heat resistance and an improved rate o, crystallization 

Substantially linear polyesters comprising, as the main constituent unit, an ethylene terephthalate such 
as polyethylene terephthalate. have been heretofore used as a materia, for molded adic.es having var ous 
s shapes, such as a film, a sheet, a laminate, and a container, because of their excellent stiffness heat 
res IS tance and gas barrier properties. However, these polyesters are disadvantageous in that the rate o 
crystall.zat.on ,s slow and they cannot be molded at a high speed. Therefore, a means of elevating the 
temperature of the mold is used to enhance the rate of crystallization of the polyesters. However use of this 

» .lTtorwar%T dVama9eS ^ ,h3t r6Sin Under9 ° eS thermal de,eri0r3ti0n and ,he ™ ld «< ^.iCe 
In order to increase the rate of crystallization and to improve the mechanical propert.es such as heat 

isr js rrr ? the r yes,ers - there have been proposed me,h ° ds -ii> sisis: 

add.tves with the polyesters. These methods include the blending of inorganic compounds such as talc 

f5 SLT ° "IT ° r , ar ° matic carboxy,ic acids ' or polymers such as PoUyhn. glycols I lt ypo £ 

'5 xylene glycols. ethylene-(meth)acrylic acid salt copolymers, unsaturaied polyester, and polyamides Sh the 
po lyes ers. For example, United States Patent 3.639.527 proposes copolymers of ethylene oT styrene JSh 

GBPOtBOn' m T aC : y,iC ° f " ke - Um,ed S,a,6S Pa,ent 4 ' 3 ^' 904 a "d U K Pal a7 p 

GB 2.015.013 propose techn.ques of blending (1) fillers or the like. (2) sodium or potassium salts of ornate 

polymers having pendant carboxyl groups, and (3) organic esters. Examp.es of the sal's oV organ c 

? "! SOdmni , Sa ' ,S °' "W™-™*^ acid copolymers and sodium salts oT£^E 
- anhydr.de copo.ymers Japaneses Unexamined Patent PubHcation Nos. 56-145943. 56-127655 and 57- 

™f 1 , Pr0P °f e T T SS °' ble " din9 the Same copo,ymer sa,ts 35 th ™ ascribed in (2> aboTe and 
polyalkylene glycols or their derivatives. 

Japanese Unexamined Patent Publication Nos. 56-109244 and 56-109245 propose a technic nf 

5 aSES" thyle ", e T; 0P, , i0na " y 3 nUC ' eatinQ a96m and a "Ration piZ^h a ££££ 
terephthalate res.n. S.mHarly. United States Paten, 3.405.198 disc.oses the technique of blending po.yethyi- 

Japanese Unexamined Patent Publication No. S 58-76446 and 57-8241 propose technioues of htenHinn 
specific pofyethers or polyesters. UK Patent Specification GB 1282679 mJ^SJ^SSS^T^ 

' ™':^tcT 51 " 148744 ' 57 ' 38647 ** 5 ™™ propose a ,echnique ° f sCn^rs 

The present invention provides a polyester composition comprising • 

e«hy.en?ter P h P i- y "** ^ SUbStan,ia " y ^P™" 9 " 38 the main diluent unit. 

(B) 0.05 to 15 parts by weight of crystallization promotor; and 

(C) 0.1 to 15 parts by weight of at least one plasticizer selected from 
(Ci), (C?), (C3). and (C<) which are defined as follows: 

(Ci) condensation product of compound of the formula fll- 
(HQ - R)jS (I) 

(wherein the R groups are the same or different and selected from aliphatic, alicyclic and aromatic 
hydrocarbon groups and any combination thereof, and the Q groups are the same oS rent and S 

= . (C ? esta ; com P° u "° derived from organic acid and compound selected from compounds of the 
above-mentioned formula (I) and condensation products (C,)- compounos of the 

formula m^TL^n^ ^"T 0) C ° mp ° Und Setec,ed fr0fn """P°"nds of the above-mentioned 
n^^ a pl:tr t ' 0n Pr0dUCtS ^ ^ 00 C ° mP0Und Sel6Cted '™ m ™*** alcoho,s and 
(C4) modified polyolefin wax selected from oxidized polyolefin waxes, unsaturated carboxvlic acid 
or , denvatiye graft-modified polyo.efin waxes, unsaturated epoxy compour*J«no^^ 
unsaturated si.ane compound-modified polyo.efin waxes, and styrene-type monomer-mo^fKrw^es 
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Component (A) 

The polyester (A) incorporated into the polyester composition of the present invention is a substantially 
linear polyester comprising, as the main constituent unit, ethylene terephthalate. It may contain at least 70 

5 Stitaent unit rat>ly * 16351 ^ m °' e % ' Preferab ' y " ' eaSt 85 mole % °' the e,h y |ene terephthalate 
The dicarboxylic acid component units of the polyester may contain a small amount of aromatic 
dicarboxylic acid component units other than terephthalic acid component units. The aromatic dicarboxylic 
acd component units other than the terephthalic acid component units may include for example 
io isophthalic acid, phthalic acid, and naphthalene dicarboxylic acid. 

The diol component units of the polyester may contain a small amount of diol component units other 
than ethylene glycol component units. The diol component units other than ethylene glycol component units 
may include, for example, diol component units having 3 to 20 carbon atoms such as propylene glycol I 3- 
propanediol. 1.4-butane diol. neopentyl glycol, cyclohexanediol. cyclohexanedimethanol. t ,4-bis(/»-hydrox- 
rs yethoxy) benzene. 1.3-bisOhydroxyethoxy) benzene. 2.2-bis(4-/i-hydroxyethoxyphenyl) propane bis (4-/>- 
hydroxyethoxyphenyOsulfone. bis (4-hydroxyphenyl)methane. and 2,2-bis{4-hydroxyphenyl)propane and 
poyalkylene glycol units having a molecular weight of 300 to 10,000 such as polyethylene glycol 
polypropylene glycol, polytetramethylene glycol. 9 
The polyester of the present invention may optionally contain a small amount of polyfunctional 
» compounds, ,n addition to the above-mentioned aromatic dicarboxylic acid component units and the above- 
ment.oned aromat.c dicarboxylic acid component units and the above-mentioned diol component units 
Examples of such polyfunctional compound component units are aromatic polybasic acids such as 
1,'! ! k 3 ? IT'* aCid> Pyrome,,itic acid - and 3.3-.5,5--tetra-carooxydiphenyl ; aliphatic polybasic acids 
« fn^Lf 5 , ,etraca ,[ box >' ,ic acid: aromatic P°'y°'s such as phloroglucin and 1 ,2.4.5-tetrahydroxybenzene- 
5 al.phat.c polyols such as glycerol, trimethylolethane. trimethyl-olpropane and pentaerythritol and ox-' 
ypolycarboxylic acids such as tartaric acid and malic acid. wrymnra. ana ox 

Furthermore, the polyester of the present invention may contain a small amount of hydroxycarboxylic 

ZTSLr. p" ^y drox y ben20ic acid « a constituent unit, in addition to the above-mentioned 
aromatic dicarboxyl.c acid component units, diol component units, and polyfunctional compounds 

' th„ Ln P °Tf ^ ^P 08 * 00 iS Such the content of the terephthalic acid component unit is usually in 

T,Z 9 r 7 t0 51 m ° ,e % ' Pre,erab,y ' r0m 43 ,0 50 5 ™ le % - the intent of the aromatic 
S C n , component unit other than the terephthalic acid component unit is usually in the range of 
from 0 to 0 mole %. preferably from 0 to 7 mole %, the content of the ethylene glycol component un« is 

comn o y nl IT I" 0 " 1 . 35 ,0 51 m °' e %> Pr6,erably ,r ° m 40 t0 50 5 ™ la % < ha co"te"t of he oil 
component unit other than the ethylene glycol component unit is usually in the range of from 0 to 15 mole 

LZST n°7 ° n 10 m ° le % ' and ,he COnten, ° f the Pactional compound unit is usually in the 

. . ? V ' SC0S,ty 1,1 °' °- 45 t0 20 dl/ 9' P^terably 0.50 to 1.8 dl/g. determined in p- 
chlorophenol at a temperature of 50-C. The polyester usually has a melting point of 180'C to 280'C 
preferably 200'C to 270-C, and a glass transition temperature of 40'C toWC. preferably SO^C to 

vJOThT?, l ° ,heexpresSions "constituent unit" or "component unit", it should be noted that the 

pXsT ssszsr are not a,ways used as me *■« startn9 materiais jn p — °< - 

Component (B) 

The crystallization promoters (B) incorporated into the polyester composition of the present invention 
may be any known crystallization promoters. Examp.es of such crystallization promoters are solid inoSc 

ZZT, St M ta ' C C ' ay: ^ 0< ° r9aniC Carb0 ^ lic ™«* such as caproic acid, stea^c ad 
montan.c acd. benzo.c acid and terephthalic acid. e.g.. sodium and potassium salts of these carboxylic 

aci d T r h „ e n! a nV „ en,0rS ,0Un H ?' " a ' kali m8,al S3,t ° r alkaline eartn metal saJt of a specific organic carboxylic 
acid contammg an ,m,do l.nkage and having not greater than 50 carbon atoms, preferably 6 to 45 carbon 
atoms, more preferably 6 to 40 carbon atoms, in an excellent crystallization promoter 
Such carboxylic acids are usually those having the formula (B-l) 
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1 ,0 

X c (3-1) 

5 X 2 

0 

wherein, X' and X 2 (these are collectively referred to as X, hereinafter, may be combined with each other 
and are preferably in the combined form), and Y each represents an aliphatic group, an alicyclic group, an 
to aromatic group or a combination thereof, and at least one of X and Y contains an carboxyl group, and 
further, X and Y may contain a member selected from the group consisting of a halogen atom, a nuro group 
and an amino group, and when X contains a carboxyl group; Y may be a hydrogen. 

Among the carboxylic acids of the formula <B-1), the preferred carboxylic acids are those in which X 
represents an aliphatic group are those having the formula (B-ll): 

is 

0 
II 

II 

0 

wherein Us 2 to 3. and m is an integer of 1 to 15. Examples of such carboxylic acids are: 

25 



.0 




o 

N-(CK 2 ) 2 -COOH, P^*N-(CE 2 ) 5 -COOE, 



30 o o 



35 



9 p 

N- (CH 2 ) 7 -C00H, Q/ N " (CE 2 ) H- C0OE ' 



40 



D- 

6 



(CE 2 ) 12 -COOE 



45 The following carboxylic acids also may be used: 



50 



' m 



Among the carboxylic acids of the formula (B-l). the preferred carboxylic acids are those in which X 
55 represents an alicyclic group having the formula (B-lll): 
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/ 



N-(CK-) -COOH 
« s 



(B-III) 



w 



II 
O 



aSare- * ' me9er °' 3 ^ * Preferab ' y ' 4 ' and 5 iS an int " er of 1 t0 15 ' E*™Qles of such carboxyl.c 



/5 



20 




h i :n-(ch 2 ) 2 -cooe 7 
o 



25 




e i :n-(ce 2 ) 5 -cooe, 

0 



30 



7 -COOH, 



35 



40 




n-(ce 2 ) i;l -coch 



45 



Among the carboxylic acids of the formula (B-l). the carboxyiic acids in which X represents an aromatic 
group and wh,ch are preferably used in the composition of the present invention and phZZde 
vZt^sT deriVatiV6S ^ Pyrom6llitdimide which are represented by fhe .Sa 



R 1 0 



so 



R i 



P 



55 



PC 

R H O 



N-R -COOH 



(B-IV) 
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EOOC-R -N 



0 


R 5 O 


II 












II 


6 " 


0 


H O 



NrR -COOH 



(B-V) 



wherem. R to R- represent, independently from each other, a group selected from the group cons.stinq of a 
hydrogen atom, lower alkyl groups, aryl groups, aralkyl groups, halogen atoms, a carboxyl group a nitro 
group, and an amino group; and R 7 to R* represent, independently from each other, a hydrocarbon orouo 
having not greater than 20 carbon atoms. Examples of such carboxylic acids are- 



75 



Q^N-(CE 2 ) 2 -COOE, 



20 



25 



30 




N-(CK 2 ) 5 -COCH, 



N-(CH 2 ) 10 -COOH ; 



35 



HOOC 



40 



N-{OK 2 ) 5 -COOH, 



45 



50 



EOOC-{CH 2 ) 5 -N 




N -(CH 2 ) 5 C00H 



The alkali or alkaline earth metaJs constituting the salts of the above-mentioned carboxylic acids mav 
include, for example. K, Na. Cs. Mg. Ca, Sr. and Ba. Of these. K and Na are preferable 
Especially preferable examples are the following compounds: 



55 
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(CH^CCCNs, 



6 




J(GJ 2 ) s COCNa, 



6 

P^(Q 2 ) n C0CNa, 



75 



20 



25 



30 



35 




E I ;N(C32 2 ) s COONa 




NJCH^COCNa, 



? 



N(G: 2 ) 7 COCNa / 




CH. 





(CH 2 ) ^COCMa, 



NKZ-CCCNa , the rono- or di-scciua salt of 



40 



45 



(XOH 



^^J^^^S 00 ^' the ircnc- cr ci-scci-m salt cr- 
ib 



EXC(CH 2 ) 5 N 




N(CH 2 ) 5 COCH 
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or aromatic olefin? with „nZZ cZx c^To JSSS^ ^ " * ^ 

ethylene, propylene and 1-butene thn« i* II . f anhydnde ' Examples of the olefin include 
toluene and ZpZZ<Lw LT*< 1 TTS ° ^ Styr9ne - ""•%'«*'•'». vinyl- 

acid. methac^d ^ ° r '* ***** inc,ude acr i 

The copo.yme'r may C^ThTZTX^ZX T Tt 

mole of the olefin unit or aromatic olefin unit. % ' ™ re P re,erabl V 7 ° to 99 

The copolymer may be random copolymer, graft copolymer or block copolymer. 
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The number average molecular weight of the copolymer measured hv npi n«r mM »-~ 
«GPC) at 4CC using te « y , ta (THF) as a solved S^'STSES^ 

The molecular weight distribution (Mw/Mn) of the copolymer can be normally 1.1 , 0 20 preferably 1 2 



10 



J5 



As the metal component of the metal salt of the organic oolvmer alkaline m»*»i * 
potassium and cesium or alkaline earth metal such as maonesium ca d,l S T 3$ S ° d ' Unr 

Among those metals, sodium and potassium are S£?5ZE ^ ^""^ 

The pendant carboxyl group or carboxylic anhydride group of the ornanir nn\„ m *r* c 
completely or partly. Neutralization degree of the carboxylic group o caZy.ic anhydride aZT T 
organic polymers, for example, can be 30 mole % to 100 mole % preferlw 30 ml* d " de 7 ? r0U P m ,he 



20 



Component (C) 



compounds may be used alone or in any mixture of two or more thereof ' 1 ^ 

In the compound of formula (I) 
25 (HQ-R) 2 S, 

combinations thereof; two R orouos mav h/fhr.-m2 - 1 aromat ' c hydrocarbon groups, and 

The organic compounds condensed with a compound of the formula in » n r n , m 
product (C) are those containino two alcoholic or nh«^TJ m , l) m the conden sation 

* may contain two a.coholic or ^ZT^ V ^ *" 

hydroxy, group and one phenolic WrwZZ^Se^ ^ " "** a ' C ° h0liC 

resorcinol. and Sphenoid * SSlSSSl « T diVa ' ent Phen °' S SUCh 38 hy**»uinon.. 

<■ alcohol: and dihydC^ SUCh "vmethylolpheno.. and salicy, 

«oJlTmTZS> 0(SmS <C,) ^ m ° leCU,ar Wei9W " '™ about 5 °° <° 15.000. preferably 

wherein n is preferably from ISO to 5. more preferably from 100 to 10 

9-ycol. dietiylene ^^^^7^ 
ss thiodiethanol. Alternatively two or mom nf «» »Li , , V 9 ycols may be condensed with 
this case, the thiodfeSi compound un^ t TJTr ? ^ *«" thiodiethanol. In 

case is more preferab.e. l£%^^ZS^ 

70 mole % , of the thiodiethano, component unit, and has pXab'a ISSS^Sit SEX*" 



8 
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To obtain the condensation products by reacting the compounds of formula (I) with pnenols or alcohols 
well known methods are used. ' 

The ester compounds of the class (C 2 ) will then be explained. The alcohol components usable for the 
preparation of the ester compound (C,) include, in addition to the compounds of the formula (I) the above- 

5 TTT , C °" de, ;! a,i0n products < C '>' P^bry POlythiodiethanol, and condensation products of 
thiodiethanol and alkylene glycols. Even the condensation product (C) having the smallest molecular weiaht 
may be used. The preferred upper limit of the molecular weight of the condensation product used ,s 15 000 
Examples of the acids which, together with these alcohols, form the ester, are organic acids such as 
a phatic organic acids, aromatic organic acids, and alicyclic organic acids. The aliphatic organic acids 

ro usable for the formation of the ester are those having preferably 2 to 20 carbon atoms, e g acetic ac.d 
prop.on.c acid, butyric acid valeric acid, caproic acid, enanthic acid, caprylic acid, pelargonic acid, stearic 
acid, and isomers thereof. The aromatic organic acids usable for the formation of the ester may nave 7 to 
20 carbon atoms and include, for example, benzoic acid, nitrobenzoic acid, toluic acid, phthalic acid 
.sophthal.c ac.d. and terephthalic acid. Of these, benzoic acid is especially preferabie. The alicyclic organic 

>a acids usable for the formation of the ester have 7 to 20 carbon atoms and may .nc.ude. for exampl 
cyclohexane carboxyl.c acid, cycloheptane carboxylic acid, and cyclohexane dicarboxylic acid 
800 6Ster C ° mP0UndS (Cz> may have a molecul * w eight of from 170 to 1.000 preferably from 250 to 

,o » h e$peC ' al ' y pre,erred ester compounds (C), are dibenzoate of thiodiethanol. dibenzoate of 
J2SKS. ^ ° f ' C ° ndenSation pr0duct of thiodiethanol and diethy.ene giyco.. and diacetate 
The ester compounds (Cj) can be produced by well known methods 

The ether compound (Cj) derived from a compound selected from the group consistino of the 
compounds of the formula (1) and the condensation products (C). and a compLS seVcTed from the 

-Znh C r> 7 9 K°r m ° n0hy , dnC a ' COh0lS 3nd m ° n0hydriC Phen0ls wi " "° w exp.ained. The term 
monohydr c alcohol" as used herein refers to aliphatic alcohols alicyclic alcohols, and aryla.kyl alcoho T 
Those ateoho.s may have 1 to 20 carbon atoms. The condensation product (C) is preferably the same is 
that «sed for the ester compound (C,). Preferable examples of the condensation products (J are djhenv 

30 21 . ;f et ??K 0l '. diPheny ' 6th8r ° f 3 condensati °" P-«t of thiodiethanol and dJyLg^Z 
f^'r ° ,hl ° d 'P^"ol. Usual.y. condensation products <C 3 ) may have a molecular weight trom 
150 to 1 ,000, preferably from 250 to 800. 9 

The modified polyolefin wax of the class (C) is selected from oxydized polyolefin waxes unsaturated 
carboxyl.c ac.d or its derivative graft-modified polyolefin waxes, unsaturated epoxy compound^odff ed 
35 S^rZT™ Si,anB C ° mp — difiad -es and sty'rene type monome" 

The polyolefin waxes usable as a raw material for the modified polyolefin waxes may include for 
example, polyotof.n waxes obtained by a method for the thermal decomposition or radical decomSion o 
polyo.efins such as polyethy.ene. polyproplylene. poly(4-methy|.l-pentene); polyethylene wax p r ™ d I by 

« ZZ!TT t0n °l ethylene UndSr 3 hi9h preSSUre: and polyolefi " ■■«■ °^ined * SCE5 

dSne ; n P LT • ° r T ° lefinS a0d -°' e,inS SUCh 3S ' 1 " bUtene - 1 - hexene ' ^ethyM-Zene and 1 
decene n the presence of transition metal compounds under a medium or low pressure Of these polyolefin 

waxes, those compnsing ethy.ene as the main component are preferable. For examp.e, polyotefin waxe 

oToLt T 80 % - Pre ' erab,y a ' ,eaSt 85 m0 ' e % * 9thy,ene c °"« are most suS.e Th 
. in E wax " sual| y *™ an .ntrinsic viscosity [,] of 0.04 to 1 .0 dUg. preferably 0.06 to 0.8 dl/g. determined 
e in decalm solution at a temperature of 135'C. uerarmineo 

The oxidized polyolefin waxes usable in the present invention are those obtained by oxidizino the 

States Patent 3.892.717 and Japanese Unexamined Patent Publication No. 48-29876. The oxygen content 

a fi / h » ST 9 ' 1 " W3X iS 0SUa " y in the ran9e °' ,rom °- 1 10 11% "V ^9ht, preferaS from S 

l L7 L? 9 ; Xy9 ! n C ° ntained in thC W3X iS Present in the *>™ <* a ^oxyl group, carbony. group 
such as an aldehyde and a ketone, a carboxy. group, or the like. The oxidized polyolefin wax is also ulZ 

o"dizeroo7o, B S T Pr ° d ? 0n " ^ ° th9r m0d, ' ,ied P0,y0,9f ' n «"« as des ^ d ^reinaS. The 
oxd.zed polyotefm wax may have an .ntrinsic viscosity [,] of 0.04 to 1.0 de/g. preferably 0.04 to 0 7 dl/o 

determined in decalin solution at a temperature of 135'C. 9 ' 

i Those oxidized polyolefin waxes may be usable as raw materials from which the modified polyolefin 
waxes described hereinafter are derived. 60 PO'voienn 

D0 .vo2 e lT dified ? 0, K 0l , 9fin WaX6S ° 0ntainin9 0S,er 9r0upS which are dBri ^d from the above oxidized 
polyolefin waxes and alcohols and/or organic acids, may also be usable as members of class <C). 
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The unsaturated monomer useful for the preparation of the unsaturated carboxylic acid or its derivative 
graft-modified polyolefin waxes include unsaturated carboxylic acids such as (meth)acrylic acid, maleic 
acid, fumaric acid, tetra-hydrophthalic acid, itaconic acid, citraconic acid, crotonic acid, isocrotonic acid! 
Nadic Acid® (endo-cis-bicyclo[2.2,1]hepto-5-ene-2,3-dicarboxyIic acid) and their derivatives such as acid 
halides, amides, imides. anhydrides, and esters, e.g., malenyl chloride, maleimide. maleic anhydride, 
citraconic anhydride, monomethyl maleate, acrylic amide, dimethyl maleate. glycidy! maleate. methyl- 
(metha)acrylate, ethyl(metha)acrylate. n-butyl(metha)acrylate. and 2-ethylhexyl{metha) acrylate. Of these, 
anhydrides and esters of unsaturated carboxylic acids are preferable, and maleic anhydride Nadic 
Anhydride®. ethyl(metha)acrylate, n-butyl(metha)acrylate. and 2-ethylhexyl(metha)acrylate are especially 
preferable. 

The graft-modified polyolefin waxes of the present invention can be prepared by an conventional 
method, e.g., by reacting monomers for polyolefin waxes in the presence of a radical initiator such as an 
organic peroxide, an organic perester and an azo compound under a condition in which the polyolefin 
waxes are melted. 

The graft modification amount is usually from 0.2 to 50% by weight, preferably from 0.5 to 40% by 
weight, expressed in terms of the monomer content in the graft-modified polyolefin. 

Those unsaturated carboxylic acids or derivative graft-modified polyolefin waxes may have an intrinsic 
viscosity of 0.04 to 1.0 dl/g, preferably 0.06 to 0.8. 

The above-mentioned unsaturated carboxylic acid or its derivative graft-modified polyolefin waxes also 
may be used as a raw wax for the preparation of the other modified polyolefin waxes described hereinafter. 
Furthermore, modified polyolefin waxes containing ester groups which are derived from the unsaturated 
carboxylic acid or its derivative graft-modified polyolefin waxes and alcohols also may be used as members 
of class (C*). 

As the unsaturated epoxy compound-modified polyolefin waxes, those which are already known, e g 
those obtained by the method described in Japenese Unexamined Patent Publication No. 55-157613, can 
be directly used. The unsaturated epoxy compound can include aflyl type unsaturated epoxy compounds 
e.g., allyl glycidyl ether. 2-methylallyl glycidyl ether, and glycidyl ether of o-. m-, or p-allylphenol 2-(o- m- 
or p-a!lylphenyl)ethylene oxide; styrene type unsaturated epoxy compounds such as glycidyl ether of 
isopropenyl phenol; and aliphatic unsaturated compounds containing epoxy groups, e.g.. 3.4-epoxy-l- 
butene, and 3.4-epoxy-3-methyl-l-butene. The unsaturated epoxy compound-modified polyolefin wax used 
preferably contains an epoxy group in an amount of 1(T 4 to 3 x 10"* gram equivalent per grams of the 
polyolefin wax. 

Those unsaturated epoxy compound-modified polyolefin waxes may have an intrinsic viscosity of 0 04 
to 1.0 dl/g, preferably 0.06 to 0.8. 

The unsaturated silane compound-modified polyolefin waxes usable as the component (C) are those 
described in. for example. Japenese Unexamined Patent Publication No. 54-145785. That is. such polyolefin 
waxes are, for example, those graft-modified with vinyltrimethoxysilane, vinyltriethoxysilane and vinyltris- 
(methoxyethoxy)silane. The graft percentage is usually from 3 to 45% by weight, preferably from 5 to 30% 
by weight. 

The styrene type monomer-modified polyolefin waxes usable as the component (C) are those modified 
with styrene type monomer having 8 to 11 of carbon atoms, e.g., styrene, cwnethylstyrene. p-methyl- 
styrene. o-methyi-styrene, 2,4-dimethylstyrene. 2.5-dimethylstyrene. and the like, according to the method 
descnbed for the above-mentioned modified polyolefin waxes modified with unsaturated carboxylic acids or 
the like. More specifically, styrene type monomer-modified polyolefin waxes prepared by the method 
described in, for example, Japanese Unexamined Patent Publication No. 58-65713. The content of the 
styrene type monomer in the modified waxes is usually from 1 to 90% by weight, preferably from 5 to 75% 
by weight. As descnbed hereinabove, modified waxes obtained by graft modifying the oxidized polyolefin 
waxes and the unsaturated carboxylic acid or its derivative graft-modified polyolefin waxes with styrene type 
monomer are also included in the styrene type monomer-modified polyolefin waxes used in the oresent 
invention. p 

Those styrene type monomer-modified polyolefin waxes may have an intrinsic viscosity of 0 04 to 10 
dl/g. preferably 0.06 to 0.8 dl/g. 

Of the above-mentioned modified polyolefin waxes (C), oxidized polyolefin waxes, oxidized polyolefin 
waxes further grafted with styrene type monomers, and a, ^-unsaturated carboxylic acid ester-grafted 
polyolefin waxes are especially preferable. 
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The compounding ratio of component (B) to polyester (A) is in the range of from 0.05 to 15 parts by 
weight, preferably from 0.1 to 10 parts by weight, more preferably 0.2 to 10 parts by weight per 100 pans 
by weight of the polyester (A). Similarly, the compounding ratio of component (C) to polyester (A) is in the 
range of from 0.1 to 15 parts by weight, preferably 0.2 to 10 parts by weight, more preferably 0.5 to 10 
parts by weight, most preferably 1 to 10 parts by weight per 100 parts by weight of the polyester (A). 

As long as the compounding ratios of components (B) and (C) to polyester (A) are in the above- 
specified ranges, improved effects of satisfactory rate of crystallization and satisfactory heat resistance 
which are characteristic of the composition of the present invention are realized. 

Although the polyester composition of the present invention may consist only of the above-mentioned 
essential three components, polyester (A), and components (B) and (C). it may contain various compound- 
ing agents or additives conventionally used for polyesters as long as the utility of the composition is not 
impaired. Examples of such compounding agents or additives are reinforcing fillers such as diatomaceous 
earth, calcium carbonate, silica, silica-alumina, alumina, carbon, mica, titanium oxide, carbon fiber glass 
fiber, and aramide fiber; lubricants; surfactants: thickening agents such as pentaerythritol. tnmellttic acid and 
pyromellitic acid; flame-retardants; ultraviolet light stabilizers; antioxidants; releasing agents; and coloring 
agents. The compounding proportion of these compounding agents or additives may be appropriately 
selected. 

Furthermore, the polyester composition of the present invention may contain at least one polymer 
selected from the group consisting of. for example, polyclefins, olefin copolymers or modified polymers 
thereof, polystyrene, polyamides. polycarbonates, polyacetals. polysulfone, polyphenylene oxides, ftuoro- 
plastics, silicone resin, and epoxy resins. 

The polyester composition of the present invention can be obtained by a method wherein a polymer 
mixture consisting of the essential components and. if necessary, the compounding agents or additives is 
melt mixed by any conventional method. 

The present invention will now be explained in detail by the following examples. 

In the examples, the molding and evaluation of the polyester composition were carried out by the 
following methods. 



Press molding 



A dried polyester composition was pressed at a molding temperature of 290 °C; by using a pressing 
machine to prepare a quenched pressed sheet having a size of 15 cm x 10 cm x 0.2 cm. 



Injection molding 

A specimen for bending test having a thickness of 0.2 cm was prepared at a mold temperature of 70 °C- 
by using an injection molding machine Model IS-35P manufactured by Toshiba Kikai Kabushiki Kaisha. 



Bending test 

A strip speciment 1 .27 cm wide by 6.35 cm long cut from the pressed sheet or an injection molded 
specimen of the same size was subjected to a bending test at a temperature of 23 °C and at a crosshead 
speed of 5 mm/min. by using a tensile testing machine model 1 122 manufactured by Instron Company 



Heat resistance 



A strip specimen 1.27 cm wide by 2 cm long cut from the pressed sheet or injection molded specimen 
was determ.ned for temperature dependence of elastic modulus by using a Dynamic Mechanical AnaJyzer 
Model 981 manufactured by DuPont Company. The ratio of the elastic modulus at 100°C (Em) to the elastic 
modulus at 30°C (E30), i.e.. Eioo/Ex), was used as an indication of the heat resistance. 
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T ch , AH H /AH C 

These values were determined by using a differential analyzer (abbreviated as DSC, Type II manufac- 
tured by Perkin Elmer Company). That is, about 5 mg of a sample was weighed out from the quenched 
pressed sheet or the injection molded sheet. Then the sample was subjected to DSC measurement under 
condition in which the sample is heated at an increasing rate of 20°Cmin. from room temperature, is held 
at a temperature of 290°C for 5 min., and is thereafter cooled at an decreasing rate of 20°C,min. The 
crystallization temperature T CH during the increase in temperature, the quantity of heat AH H determined a 
peak area appearing at T CHl and the quantity of heat AH C determined from a peak area appearing at the 
crystallization temperature during the decrease in temperature were measured from the resultant curve of 
heat. The thus-obtained T CH is an indication of the low temperature mobility of the polyester molecule. The 
AH H /AH C is an indication of the crystallizability of the polyester. The smaller the values of T CH and AH„ AH C . 
the more crystallizable the polyester. 



Examples 1 to 12, Comparative Examples 1 to 5 and Reference Example 1 

A polyethylene terephthalate having an intrinsic viscosity of 0.65 dl/g, a plasticizer such as a 
thiodiethanol derivative and various crystallization promotors were dry blended in the proportion indicated in 
Table 1. The resultant mixtures were melt mixed by using a 20 mm * extruder (a Dulmage type screw and. 
in the case where glass fiber is blended, a full-flighted screw, UD = 28). The physical properties of the 
polyester compositions thus obtained were evaluated. The results are shown in Table 1 . 

In Table 1 , the symbols represent the following: 

(1) C-1 in plasticizer component (C) is a polyethylene glycol (manufactured by Nippon Oils & Fats 
Co., Ltd., Polyethylene glycol 4000). 

(2) C-2 in plasticizer component <C) is dibenzoate in thiodiethanol. 

(3) C-3 in plasticizer component (C) is a copolymer ether of thiodiethanol and diethylene glycol. This 
compound was synthesized in the following manner. 

A reaction vessel was charged with 200 g of thiodiethanol. 50 g of diethylene glycol, and 0.625 g of 
phosphorus acid. The mixture was reacted under a nitrogen atmosphere at a temperature of 195°C for 8 
hours while the formed water was distilled off, after which the reaction was continued under a reduced 
pressure of 500 mmHg for a further period of 5 hours. The resultant product was a pale yellow liquid 
polymer. This polymer had a number average molecular weight of 3,600, determined in GPC (THF solvent 
40°C). 

(4) C-4 in plasticizer component (C) is dibenzoate of thiodipropanoi. 

(5) C-5 in plasticizer component (C) is diacetate of thiodiphenol. 

(6) C-6 in plasticizer component (C) is dimethyl ether of thiodiphenol. 

(7) C-7 in plasticizer component (C) is dibenzoate of 2-mercaptoethyl sulfide. 

(8) B-1 in crystallization promotor (B) is talc. 

(9) B-2 in crystallization promotor (B) is the sodium salt of an ethylene/methacrylic acid copolymer 
(manufactured by DuPont Company, Surlyn® 1605 ethylene content of 95 mole %. Melt Flow Index of 2.8, 
measured at temperature of 190°C. under load of 2.16kg). 

(10) B-3 in crystallization promotor (B) is the sodium salt of a styrene/methacrylic acid copolymer. 
This compound was synthesized in the following manner. 

A reaction vessel provided with a stirrer was charged with 624 g of styrene. 33.8 g of methacrylic acid 
and 920 ml of toluene. After nitrogen bubbling for 15 minutes, the reaction vessel was sealed with nitrogen 
and the contents of the reaction vessel were heated to a temperature of 100°C. A dropping funnel was 
charged with 2 g of benzoyl peroxide and 60 ml of toluene. After nitrogen bubbling for 15 minutes, the 
mixture in the funnel was dropped into the reaction vessel over a period of about 30 minutes. After 
completion of the dropping, the reaction was continued for 4 hours. The reaction mixture was then poured 
into a large excessive amount of hexane to allow the reaction product to precipitate. The yield of the 
resultant polymer was 292 g. The polymer had a number average molecular weight Mn of 84,000 
determined in GPC (THF solvent. 40°C), and a molecular weight distribution Mw/Mn of 1.5. The content of 
methacrylic acid in the polymer was determined by elemental analysis and was found to be 10 mole %. 
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A react.cn vessel provided with a condenser was charged with 200 g of the styrene/methacryl.c acid 
copolymer synthesized according to the above-mentioned method and 12 00 ml of Suene. The Sen* oi 

TJZTJT :™ h6ated ,0 3 temPeratUre °' 1 °° ,C - A " aqu60us soluti °" raining 6 18 g c NaOH 
was dropped ,nto the react,on vessel through a dropping funnel over 5 minutes. The reaction was continued 

for a further 4 hours. The reaction mixture was poured into hexane to allow me reaction p^ct to 
SaCo, 75; Pr9CiPi,a,ed POlVmer ^ r9C0Vered - ThS reSUUant P °*™ exhibited rr g re?o, neu 

industHe^d^:;*" 0 " promo,or <B) is sodium benzoa,e (manu,ac,ured by wak ° *« C « 

Examples 13 to 32 and Comparative Examples 6 to 9 

modL P d 0ly n?nf 7 ,erepWhala,e havi "9 an intrinsic **Osity of 0.65 dig. a crystallization promoter and a 
modf.ed polyolefn wax as a plasticizer were dry blended in the proportions indicated in Table , The 
resultant m,« U res were melt mixed by using a 20 mm* extruder (a Dulmage type screw and where olass 

OILS' 8 d> 3 ,Ull '!' i9h,9d SCr6W ' U ° = 28) - 1116 physical Parties 9 * L SS^SJSS 
compos.fions were evaluated. The results are shown in Tabe 2. It is apparent from T*hl ? 1 

zxtjt present inven,ion are superior in varipus ^Ci^ 

comprising only the components (A) and (B). y wniMiwiiuns 

In Table 2, the symbols represent the following: 

(1 ) B-6 is sodium stearate. 

(2) B-7 is sodium 5-(N-phtalimide)-caproate. 

(3) B-8 is the sodium salt of a styrene/methacrylic acid copolymer (content of metha-rylic acid- is 

and vanous modified waxes were synthesized according to the same method 9 
Preparation Example of Graft-Modified Polyolefin Wax 

capaSy oM < i P 2T2? ?*? ' W °' ^ ** eh "» 8d "* 3 9 ' aSS reac,ion ve ^l having a 
ZrTvl k k , 6 ted at a ter "P eratur e of 140'C. Then. 105 g of n-butyl methacrvlate and 9 0 n 

„n.v J!L C ' 1 ° 15 f, p0,yett,y,ene wax with 3 °% by weight of ethyl methacrylate copolymerized therewith fa 
polyethylene wax hav.ng a W of 0,3 d!/g and a propylene content of 4 lie % * Ud a, me 

»erew!m\^ 

^izabinty or the po.yeste, The smaller the va.ues of V. ^SS^SSS^ 
therewS ™J2$E!ttZ£ 

a 1,1 0,023 2*Z Tf '"I haVin9 8n ° Xy " n C ° n,em 0f 4 - 9% b * wei 9 h< Polyethylene wax having 
inf r f P ^ PV 606 C ° ment °' 4 mole % was used as ,ne ^rting material,. 9 

the smkZIV* ™ " ^ M " ™ % by weipW " ha materia, was 
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(11) C-15 is a modified wax comprising an oxidized wax having an oxygen content of 0.9% by weight 
with which 35% by weight of styrene was graft-copolymerized (the starting material was the same as that 
for C-9). 

(12) C-16 is a wax to which 20% by weight of styrene and 10% by weight of acrylonitrile were co- 
grafted (the starting material was the same as that for C-10). 

(13) C-17 is a maleic anhydride-grafted wax having a potassium hydroxide number of 30 mg g (the 
starting material was the same as that for C 10). 

(14) C-18 is a wax with 7% by weight of vinyl-methoxysilane grafted thereto (the starting material was 
the same as that for C-8). 

(15) C-19 is a wax containing allyl glycidyl ether grafted thereto and having an epoxy group content 
of 9 x 10-' gram equivalent per g of the wax (the starting material was the same as that for C-8). 
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Claims 
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1. A polyester composition comprising: 

(A) 100 parts by weight of substantially linear polyester comDrisino « th p ma ; n 

ethylene terephthalate; comprising, as the main constituent unit. 

(B) 0.05 to 15 parts by weight of crystallization promotor; and 

(C) 0.1 to 15 parts by weight of at least one modified polyolefin wax olastid^r ^i^ton * 
oxidized polyolefin waxes, unsatured carboxylic acid or its derivafiv^ T 

2. A composition according to any preceding claim wherein the modified polyolefin wax r „ h* h 

fr„ m 4 o A H C0 T S i ti0 ? f Cordin 9 t0 a "V P«*dJng claim wherein the modified polyolefin wax C is selects 
from oxidized polyolefin wax. oxidized polyolefin wax further grafted onto styrene 12 m l„ T / 
unsaturated carboxylic acid ester-grafted polyolefin wax yP monomer and a . B . 

o<e*y^:ZX:™T ,0 ^ PreCedi " 9 ^ Wherei " * he P0 ' yeStef C « « — ^0 mole ,. 
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